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Predictions for the muon decay spectrum are usually de- 
rived from the derivative-free Hamiltonian. However, it is 
not the most general form of the possible interactions. Ad- 
ditional simple terms with derivatives can be introduced. In 
this work the distortion of the standard energy and angular 
distribution of the electrons in polarized muon decay caused 
by these terms is presented. 

PACS numbers: 12.15.-y, 13.35.-r 

More than sixty years have passed since the time of 
brilliant Pauli's idea about neutrino ^ and celebrated 
Fermi theory of /3-decay Q]. Still the famous Fermi in- 
teraction 



(1) 



is the corner-stone of all low energy weak processes. In 
order to investigate a more general form of the interac- 
tions, for the particular case of the muon decay, addi- 



tional terms have been introduced by Michel 
can be expressed by fields of definite chiralities [4| 

4Gf 



They 



k = S, V.T 



(2) 



Here, k labels the type of interaction (scalar, vector, ten- 
sor), e and x indicate the chirality of the charged leptons. 
(The chiralities of the neutrinos, n and m, are uniquely 
fixed by e, %, and k). These interactions differ from (|lj) 
only by the fact that we have introduced 10 coupling 
constants instead of the unique one, Gp- The standard 
V-A interaction implies that g^i^ = 1, and other g^^'s 
are zero. Nonstandard couplings may arise in the exten- 
sions of the standard model due to the exchange of new 
intermediate bosons, other than W^. In this case the 
energy and angular distribution of the emitted charged 
leptons depends on bilinear combinations of the coupling 
constants g^^ called the Michel parameters. 

It is widely accepted that this is the most general form 
of the energy spectrum. In all present experiments only 
such form of the energy distribution is tested. However, 
it is easy to see that sensitivity to new physics for the in- 
troduced terms is feeble. In the case of massless neutrinos 
only the single scalar interaction with the coupling con- 
stant gjf^fi interferes with the standard V-A interaction 
and it can give considerable contribution to the muon 



decay spectrum. This is parametrized by the Michel pa- 
rameter rj. Unfortunately, when the polarization of the 
final charged leptons is not detected, the sensitivity to rj 
is diminished by the small ratio of the mass of the final 
charged lepton to its maximal energy xq — rrif./ E^ax- To 
determine the parameter 77 without a suppression factor 
the transverse polarization of the produced charged lep- 
ton has been measured, but with the smaller accuracy 
than the Michel parameters p, 5, and ^. The latter pa- 
rameters are influenced by other nonstandard terms in 
(^), which do not interfere with the standard V-A in- 
teraction and the sensitivity to a new physics from the 
experimental bounds on the nonstandard coupling con- 
stants is negligible. 

It is possible to introduce new interactions of a sim- 
ple form, which would interfere with the primary V-A 
interaction without suppression. To do this we assume 
that the effective Hamiltonian depends on the momen- 
tum transfer q\ or the derivative d\ of the charged cur- 
rent. Then the simplest form of the new interactions is 



4G, 



h.C.}. 



(3) 



Such interactions can arise, for example, due to an 
anomalous M^-boson coupling with the fermions. Vari- 
ous anomalous couplings of the gauge bosons are tested 
now at high energies. Generally speaking the effective 
coupling constants of the new interactions (^) may de- 
pend on the momentum transfer f{q^) and such kind of 
effective interactions should apply only for a narrow re- 
gion of momenta. In our case we restrict ourself to low 
energy processes of lepton decays and assume that the 
coupling constant / is a constant. 

The interactions (||) lead to the specific energy dis- 
tribution, which can be tested experimentally. This is 
not a new idea and analogous early attempt, made by 
Konopinski and Uhlenbeck had the aim to introduce 
the derivative coupling for the neutrino field. The addi- 
tional interactions (^) include the conserved tensor cur- 
rents = df:i[^(Tafj{l ±7'"')^'] and naturally extend the 
helicity projection form of the interaction (y). It is im- 
possible to construct other nontrivial terms depending 
on the momentum transfer, because the derivative of the 
vector current id\[^^'^\'^i] = mi^^'^i reduces to the 
scalar term due to the Dirac equation. Therefore, be- 
sides the trivial dependence of the coupling constants on 
the momentum transfer g{q^), other additional terms do 
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not exist herej^ 

In the following we give the prediction for the energy 
and angular distribution of electrons from the decay of 
polarized muons accounting for the effect of the new 
terms (^. The generalization to leptonic r-decay is ob- 
vious. The differential decay probability to obtain an 
with reduced energy x — Ee/ Emax, emitted at an angle d 
with respect to the muon's polarization 7^^, and having 
its spin pointing into the direction of the arbitrary unit 
vector ^ is given by M 







d^r _G%m , 

dxdcOSI? 12^3 ^rna.\/^ X, 

X [Fis{x) ±Vf,cosd Fas{x)] 

x[l + Ve{x,d)-C], (4) 



where we have used Vn 



IPul, and where T'e is the 



polarization vector of the e^: 

Ve =Pt, x + Pt, v + Pl z 
with components 

P^sini? FtAx) 



PtA^J) 
PtAx.^) 



Fis{x)±r^cos^ Fas{x)' 
Fi s (x) ±V^ cos ^ Fas{x)' 



(5) 

(6) 
(7) 



P.(x,^) = ^^H^^^?^i^^^,^^ (8) 



Fisix)±V^cos§ Fas{x) 
defined in a right-handed coordinate system: 



y 



\kp X 7^,, 



X — y X z. 



(9) 



The functions F{x) can be decomposed as 

F(x) = F^-^{x)+G{x), (10) 

where the first term corresponds to the standard V-A 
interaction and the second one includes leading contri- 
butions from the interference with the new terms (|^). 
The functions F'^~^{x) are given by 



pV-A 

^is 



[x) ~ —2x + 3a; — Xq, 
^ls^{x) = Jx^-xl {2x-2 + ^l- xl), 



(11) 
(12) 



,V-A 
IP 

^V-A 



{x)^^x^-xl {-2x + 2 + ^l-xl), (13) 

(14) 



AP ('^) — 2X X Xq, 

V-A 



{x) = xAx - 1), 



Fl-^{x) = 0. 



(15) 
(16) 



^We have dropped the derivative tensor-tensor interaction 
/(i/e da[eR(Ja\vl] Ofslu^a fj xf^n] which includes two new cur- 
rents and is negligible. 



Since the new functions G{x) contribute to the muon 
decay spectrum with a small constant / we have kept 
only the leading terms of the small mass parameter xq: 

Gis{x) = 2x^Reff, + xa{x^ - 3x + 3)Re/e, (17) 



Gas{x) = 2x^Ref,, + xo{-x^ + 2x)Re/e, 
Gip{x) = 2a;2Re/^ + xo{-x^ + 2x)Re/e, 
Gap{x) = 2x2Re/^ + xo{x^ + x - l)Re/e 



(18) 
(19) 
(20) 



Gt, (x) = {2x^ ~ x)Refe + -xo{2x^ - x)Ref,„ (21) 

GtAx) = i2x^ - x)luif, + ^xo{2x'' - 3x)Imf^. (22) 

Both terms in (^) contribute to the energy distribution 
of the polarized electrons from the muon decay without 
suppression. Therefore, experimental bounds on the new 
energy dependences directly constrain the strength of the 
new interactions. Such kind of the spectrum has not been 
tested experimentally. In order to estimate the strength 
of the new interactions we shall use the experimental val- 
ues of the Michel parameters. Let us consider the muon 
decay, whereas the errors on the Michel parameters are 
typically at the per-mill level. The most precisely known 
is the p parameter p — 0.7518 ± 0.0026. This puts a 
strong constraint on the new parameter 



Re/^ < 4.5 X 10"^ 



(23) 



Contrary to the p parameter the new parameter / con- 
tributes to the muon decay width 



r = 



1927r3 



(1 + U) 



(24) 



and influences the value of the Fermi coupling constant 
Gp- This constant is used in all precision experiments 
in electroweak physics and it is obvious that its value 
cannot differ significantly from the standard magnitude 
Gf,^^ = 1. 16639(2) X 10-5 GeV-2. A self-consistent check 
gives the unitarity of the Cabibbo-Kobayashi-Maskawa 
matrix. Our present knowledge of the matrix elements 
comes from the comparison of the strength of the quark 
weak interaction to the muon decay Therefore, effec- 
tively we can write 



\Vud\ 



IK. 



I Kb 



(Gp_y 



0.9965 ±0.0021 



(25) 



that leads to similar bound on the parameter Re/^ < 
5.6 X 10-3 as in Eq. (H). 

The measurement of the electron decay asymmetry 



A{x) = -P, 



Fas{x) 
Fisix) 



(26) 



from polarized muons determines the Michel parameters 
S = 0.749 ± 0.004 and Vf,£, = 1.003 ± 0.008. They lead 
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also to the analogous constraints Ref^{S) < 7 x 10~^ 
and Re/^(^) < 5.5 x 10"'^, respectively. It is interest- 
ing to note that in the special case -4(1) = £,S/p at 
the spectrum end point our prediction coincides with the 
standard model A'^'^'il) = "P^. 

The measurement of the longitudinal polarization Pl 
of the electron from the decay of unpolarized and polar- 
ized muons allows one to determine the Michel parame- 
ters ^' and The new interaction (||) does not effect 
the ^' parameter and no constraint on the / parameter 
can be imposed. The present precision of the measured 
combination C'/^ - C = -0.35 ± 0.33 does not lead 
to better limit on the /. 

The transverse electron polarizations Pj-i and al- 
low to constrain the 77 parameter and a CP-violation 
phase. In our case it will be a limit on the fe param- 
eter. Although the accuracy of the Pti determination is 
high H (Pti) = 0.016 ± 0.023 it can not constrain very 
well the new parameter 

Re/e < 7.4 X 10-^, (27) 

like T] — —0.007 ± 0.013 due to the lower sensitivity of 
the Pti to the fe . The same things concern the determi- 
nation of the Im/e or the CP-violation phase. 

Concerning the present experimental situation and fu- 
ture plans we should mention the following experiments. 
The planed experiment ^ in Villigen PSI-R-94-10 can 
improve by an order of magnitude the previous mea- 
surement of the transverse polarization components of 
the positron and can provide a tighter limit for the new 
parameter fe as well. It is very interesting also to fit 
the new energy and angular positron distribution from 
the polarized /i+ in the completed Los Alamos LAMPF- 
1240 experiment and take it into account in the future 
TRIUMF-614 experiment. The goal of the E614 Collab- 
oration is the measurement of the parameters p, ^, and 
6 to precisions of few 10"**! 

What concerns the r-decays, assuming universality of 
the new interactions, the statistics collected at the LEP 
will allow to extract the fr parameter with the preci- 
sion better than 10"'^. This can be done similarly to 
the polarization study for semileptonic and pure leptonic 
r-decays performed by the LEP Collaborations. 
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